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(54) COMPONENT FOR A GAS TURBINE ENGINE AND GAS TURBINE ENGINE

(57) A component (102) for a gas turbine engine (20)
includes a ceramic matrix composite component (102)
having a radially outer end (114) and a radially inner end
(118). The ceramic matrix composite component (102)
has an internal chamber defined by an inner surface
(113). A spar (112) is received within the internal cavity,
and spaced from an inner surface (113) of the ceramic
matrix composite component (102) defining a chamber
(402) with the inner surface (113). Flow guides (126) are

formed on one of an outer surface (124) of the spar (112)
and the inner surface (113) of the matrix component
(102). The flow guides (126) direct airflow towards a por-
tion of the inner surface (113). An air inlet chamber (122)
is formed at one radial end of the spar (112) and an air
outlet chamber (124) is formed at an opposed radial end
of the spar (112). The air inlet chamber (122) is defined
such that air will flow into the internal chamber, outwardly
of the spar (112), and inwardly of the inner surface (113)
of the matrix component (102). A gas turbine engine (20)
is also disclosed.
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Description

BACKGROUND

[0001] This application relates to cooling structure for
managing cooling airflow within a ceramic matrix com-
posite ("CMC") airfoil.
[0002] Gas turbine engines are known, and typically
include a fan delivering air into a bypass duct as propul-
sion air. Air is also directed from the fan into a compressor
section where it is compressed. Downstream of the com-
pressor the air is directed into a combustor where it is
mixed with fuel and ignited. Products of this combustion
pass downstream over turbine rotors, driving them to ro-
tate. The turbine rotors in turn drive the fan and compres-
sor rotors.
[0003] It is known that very high temperatures are ex-
perienced by components in the gas turbine engine. This
is particularly true in the combustor and turbine sections.
Historically, components in these sections have been
formed of metals. It has been proposed to use ceramic
matrix composite materials ("CMC") for such compo-
nents.
[0004] Challenges remain with regard to cooling the
CMC components. Such CMC components often have
an internal spar formed of an appropriate material, typi-
cally a metal. The spar provides structural support to the
CMC component.
[0005] It has been proposed to have spars with an in-
ternal cooling air supply channel which then delivers the
air outwardly of the spar and against the CMC compo-
nent. Flow direction guides have been utilized to direct
the air downstream of cooling air holes in an outer surface
of the spar.

SUMMARY

[0006] In a featured embodiment, a component for a
gas turbine engine includes a matrix composite compo-
nent having a radially outer end and a radially inner end.
The ceramic matrix component having an internal cham-
ber defined by an inner surface. A spar is received within
the internal cavity, and spaced from an inner surface of
the matrix component defining a chamber with the inner
surface. Flow guides are formed on one of an outer sur-
face of the spar and the inner surface of the matrix com-
ponent. The flow guides direct airflow towards a portion
of the inner surface. An air inlet chamber is formed at
one radial end of the spar and an air outlet chamber
formed at an opposed radial end of the spar. The air inlet
chamber is defined such that air will flow into the internal
chamber, outwardly of the spar, and inwardly of the inner
surface of the matrix component.
[0007] In another embodiment according to the previ-
ous embodiment, the matrix component is a ceramic ma-
trix component ("CMC").
[0008] In another embodiment according to any of the
previous embodiments, the CMC component defines an

airfoil having a leading edge and trailing edge. The flow
guides encourage airflow toward at least one of the lead-
ing edge and trailing edge.
[0009] In another embodiment according to any of the
previous embodiments, the CMC component is a fixed
vane.
[0010] In another embodiment according to any of the
previous embodiments, the fixed vane has an outer plat-
form radially outward of the airflow and an inner platform
radially inward of the airfoil.
[0011] In another embodiment according to any of the
previous embodiments, the spar has a radially outer end
radially outward of the outer platform and has a radially
inner end radially inward of the inner platform.
[0012] In another embodiment according to any of the
previous embodiments, the flow guides encourage air-
flow toward the leading edge.
[0013] In another embodiment according to any of the
previous embodiments, the flow guides encourage air-
flow towards the trailing edge.
[0014] In another embodiment according to any of the
previous embodiments, the spar has a leading edge and
a trailing edge separated by a first distance. The flow
guides extend along a direction having a component in
a radial direction and a component in an axial direction,
and a ratio of the first distance to the axial component
being between 0.20 and 0.90.
[0015] In another embodiment according to any of the
previous embodiments, there are a plurality of the flow
guides extending along non-parallel direction.
[0016] In another featured embodiment, a gas turbine
engine includes a fan, a compressor section, a combus-
tor and a turbine section. A matrix component is received
within one of the combustor section and the turbine sec-
tion. The matrix composite component has a radially out-
er end and a radially inner end. The ceramic matrix com-
ponent has an internal chamber defined by an inner sur-
face. A spar is received within the internal cavity, and
spaced from an inner surface of the matrix component
defining a chamber with the inner surface. Flow guides
are formed on one of an outer surface of the spar and
the inner surface of the matrix component. The flow
guides direct airflow towards a portion of the inner sur-
face. An air inlet chamber is formed at one radial end of
the spar and an air outlet chamber formed at an opposed
radial end of the spar. The air inlet chamber is defined
such that air will flow into the internal chamber, outwardly
of the spar, and inwardly of the inner surface of the matrix
component.
[0017] In another embodiment according to any of the
previous embodiments, the matrix component is a ce-
ramic matrix component ("CMC").
[0018] In another embodiment according to any of the
previous embodiments, the CMC component defining an
airfoil having a leading edge and trailing edge. The flow
guides encourage airflow toward at least one of the lead-
ing edge and trailing edge.
[0019] In another embodiment according to any of the
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previous embodiments, the CMC component is a fixed
vane.
[0020] In another embodiment according to any of the
previous embodiments, the fixed vane has an outer plat-
form radially outward of the airflow and an inner platform
radially inward of the airfoil.
[0021] In another embodiment according to any of the
previous embodiments, the spar has a radially outer end
radially outward of the outer platform and has a radially
inner end radially inward of the inner platform.
[0022] In another embodiment according to any of the
previous embodiments, the flow guides encourage air-
flow toward the leading edge.
[0023] In another embodiment according to any of the
previous embodiments, the flow guides encourage air-
flow towards the trailing edge.
[0024] In another embodiment according to any of the
previous embodiments, the spar has a leading edge and
a trailing edge separated by a first distance. The flow
guides extend along a direction having a component in
a radial direction and a component in an axial direction.
A ratio of the first distance to the axial component is be-
tween 0.20 and 0.90.
[0025] In another embodiment according to any of the
previous embodiments, there are a plurality of the flow
guides extending along non-parallel direction.
[0026] The present disclosure may include any one or
more of the individual features disclosed above and/or
below alone or in any combination thereof.
[0027] These and other features of the present inven-
tion can be best understood from the following specifica-
tion and drawings, the following of which is a brief de-
scription.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028]

Figure 1 schematically shows a gas turbine engine.
Figure 2A is a cross-sectional view through an as-
sembled CMC vane.
Figure 2B is a cross-sectional view along line B-B of
Figure 2A.
Figure 2C is a top view of a CMC component, and
showing the location of the cross-section A-A of Fig-
ure 2A.
Figure 3A shows another embodiment.
Figure 3B shows yet another embodiment.
Figure 3C shows yet another embodiment.
Figure 4 shows yet another embodiment.

DETAILED DESCRIPTION

[0029] Figure 1 schematically illustrates a gas turbine
engine 20. The gas turbine engine 20 is disclosed herein
as a two-spool turbofan that generally incorporates a fan
section 22, a compressor section 24, a combustor section
26 and a turbine section 28. The fan section 22 may in-

clude a single-stage fan 42 having a plurality of fan blades
43. The fan blades 43 may have a fixed stagger angle or
may have a variable pitch to direct incoming airflow from
an engine inlet. The fan 42 drives air along a bypass flow
path B in a bypass duct 13 defined within a housing 15
such as a fan case or nacelle, and also drives air along
a core flow path C for compression and communication
into the combustor section 26 then expansion through
the turbine section 28. A splitter 29 aft of the fan 42 divides
the air between the bypass flow path B and the core flow
path C. The housing 15 may surround the fan 42 to es-
tablish an outer diameter of the bypass duct 13. The split-
ter 29 may establish an inner diameter of the bypass duct
13. Although depicted as a two-spool turbofan gas tur-
bine engine in the disclosed nonlimiting embodiment, it
should be understood that the concepts described herein
are not limited to use with two-spool turbofans as the
teachings may be applied to other types of turbine en-
gines including three-spool architectures. The engine 20
may incorporate a variable area nozzle for varying an
exit area of the bypass flow path B and/or a thrust reverser
for generating reverse thrust.
[0030] The exemplary engine 20 generally includes a
low speed spool 30 and a high speed spool 32 mounted
for rotation about an engine central longitudinal axis A
relative to an engine static structure 36 via several bear-
ing systems 38. It should be understood that various
bearing systems 38 at various locations may alternatively
or additionally be provided, and the location of bearing
systems 38 may be varied as appropriate to the applica-
tion.
[0031] The low speed spool 30 generally includes an
inner shaft 40 that interconnects, a first (or low) pressure
compressor 44 and a first (or low) pressure turbine 46.
The inner shaft 40 is connected to the fan 42 through a
speed change mechanism, which in the exemplary gas
turbine engine 20 is illustrated as a geared architecture
48 to drive the fan 42 at a lower speed than the low speed
spool 30. The inner shaft 40 may interconnect the low
pressure compressor 44 and low pressure turbine 46
such that the low pressure compressor 44 and low pres-
sure turbine 46 are rotatable at a common speed and in
a common direction. In other embodiments, the low pres-
sure turbine 46 drives both the fan 42 and low pressure
compressor 44 through the geared architecture 48 such
that the fan 42 and low pressure compressor 44 are ro-
tatable at a common speed. Although this application dis-
closes geared architecture 48, its teaching may benefit
direct drive engines having no geared architecture. The
high speed spool 32 includes an outer shaft 50 that in-
terconnects a second (or high) pressure compressor 52
and a second (or high) pressure turbine 54. A combustor
56 is arranged in the exemplary gas turbine 20 between
the high pressure compressor 52 and the high pressure
turbine 54. A mid-turbine frame 57 of the engine static
structure 36 may be arranged generally between the high
pressure turbine 54 and the low pressure turbine 46. The
mid-turbine frame 57 further supports bearing systems
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38 in the turbine section 28. The inner shaft 40 and the
outer shaft 50 are concentric and rotate via bearing sys-
tems 38 about the engine central longitudinal axis A
which is collinear with their longitudinal axes.
[0032] Airflow in the core flow path C is compressed
by the low pressure compressor 44 then the high pres-
sure compressor 52, mixed and burned with fuel in the
combustor 56, then expanded through the high pressure
turbine 54 and low pressure turbine 46. The mid-turbine
frame 57 includes airfoils 59 which are in the core flow
path C. The turbines 46, 54 rotationally drive the respec-
tive low speed spool 30 and high speed spool 32 in re-
sponse to the expansion. It will be appreciated that each
of the positions of the fan section 22, compressor section
24, combustor section 26, turbine section 28, and fan
drive gear system 48 may be varied. For example, gear
system 48 may be located aft of the low pressure com-
pressor, or aft of the combustor section 26 or even aft of
turbine section 28, and fan 42 may be positioned forward
or aft of the location of gear system 48.
[0033] The low pressure compressor 44, high pressure
compressor 52, high pressure turbine 54 and low pres-
sure turbine 46 each include one or more stages having
a row of rotatable airfoils. Each stage may include a row
of vanes adjacent the rotatable airfoils. The rotatable air-
foils are schematically indicated at 47, and the vanes are
schematically indicated at 49.
[0034] The engine 20 may be a high-bypass geared
aircraft engine. The bypass ratio can be greater than or
equal to 10.0 and less than or equal to about 18.0, or
more narrowly can be less than or equal to 16.0. The
geared architecture 48 may be an epicyclic gear train,
such as a planetary gear system or a star gear system.
The epicyclic gear train may include a sun gear, a ring
gear, a plurality of intermediate gears meshing with the
sun gear and ring gear, and a carrier that supports the
intermediate gears. The sun gear may provide an input
to the gear train. The ring gear (e.g., star gear system)
or carrier (e.g., planetary gear system) may provide an
output of the gear train to drive the fan 42. A gear reduc-
tion ratio may be greater than or equal to 2.3, or more
narrowly greater than or equal to 3.0, and in some em-
bodiments the gear reduction ratio is greater than or
equal to 3.4. The gear reduction ratio may be less than
or equal to 4.0. The fan diameter is significantly larger
than that of the low pressure compressor 44. The low
pressure turbine 46 can have a pressure ratio that is
greater than or equal to 8.0 and in some embodiments
is greater than or equal to 10.0. The low pressure turbine
pressure ratio can be less than or equal to 13.0, or more
narrowly less than or equal to 12.0. Low pressure turbine
46 pressure ratio is pressure measured prior to an inlet
of low pressure turbine 46 as related to the pressure at
the outlet of the low pressure turbine 46 prior to an ex-
haust nozzle. It should be understood, however, that the
above parameters are only exemplary of one embodi-
ment of a geared architecture engine and that the present
invention is applicable to other gas turbine engines in-

cluding direct drive turbofans. All of these parameters
are measured at the cruise condition described below.
[0035] A significant amount of thrust is provided by the
bypass flow B due to the high bypass ratio. The fan sec-
tion 22 of the engine 20 is designed for a particular flight
condition -- typically cruise at about 0.8 Mach and about
35,000 feet (10,668 meters). The flight condition of 0.8
Mach and 35,000 ft (10,668 meters), with the engine at
its best fuel consumption - also known as "bucket cruise
Thrust Specific Fuel Consumption (’TSFC’)" - is the in-
dustry standard parameter of lbm of fuel being burned
divided by lbf of thrust the engine produces at that min-
imum point. The engine parameters described above,
and those in the next paragraph are measured at this
condition unless otherwise specified.
[0036] "Fan pressure ratio" is the pressure ratio across
the fan blade 43 alone, without a Fan Exit Guide Vane
("FEGV") system. A distance is established in a radial
direction between the inner and outer diameters of the
bypass duct 13 at an axial position corresponding to a
leading edge of the splitter 29 relative to the engine cen-
tral longitudinal axis A. The fan pressure ratio is a span-
wise average of the pressure ratios measured across the
fan blade 43 alone over radial positions corresponding
to the distance. The fan pressure ratio can be less than
or equal to 1.45, or more narrowly greater than or equal
to 1.25, such as between 1.30 and 1.40. "Corrected fan
tip speed" is the actual fan tip speed in ft/sec divided by
an industry standard temperature correction of [(Tram
°R) / (518.7 °R)]0.5. The corrected fan tip speed can be
less than or equal to 1150.0 ft / second (350.5 me-
ters/second), and can be greater than or equal to 1000.0
ft / second (304.8 meters/second).
[0037] Figure 2A shows an assembled system 100. A
CMC component 102, which may be a vane such as a
vane utilized in the Figure 1 engine has an airfoil 103, a
radially outer platform 104, and a radially inner platform
106. The airfoil 103 extends from a leading edge 108 to
a trailing edge 110. The cooling load on the airfoil 103 is
not uniform across the entire outer surface of the airfoil.
Rather, there are typically localized areas on an airfoil
where the cooling load is greater. As an example, the
cooling load is often greater at the leading edge than at
locations along the outer suction 400 or pressure 401
sides of the airfoil 103 (see Figure 2C). Also, the trailing
edge 110 may have a relatively high cooling load.
[0038] The component 102 may be formed of a ceram-
ic matrix composite, an organic matrix composite (OMC),
or a metal matrix composite (MMC). For instance, the
ceramic matrix composite (CMC) is formed of ceramic
fiber tows that are disposed in a ceramic matrix. The ce-
ramic matrix composite may be, but is not limited to, a
SiC/SiC ceramic matrix composite in which SiC fiber tows
are disposed within a SiC matrix. Example organic matrix
composites include, but are not limited to, glass fiber
tows, carbon fiber tows, and/or aramid fiber tows dis-
posed in a polymer matrix, such as epoxy. Example metal
matrix composites include, but are not limited to, boron
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carbide fiber tows and/or alumina fiber tows disposed in
a metal matrix, such as aluminum.
[0039] As known, an internal structure spar 112 may
be received within an opening 113 in the CMC component
102. The spar 112 has a radially outer end 114 which
extends radially outwardly of the outer platform 104. End
114 may be secured to mount structure 116 that also
mounts the component 102. The spar 112 has a radially
inner end 118 which extends radially inward of the inner
platform 106. Inner end 118 is secured to structure 120
which also may secure the component 102. While contact
is shown between mount structure 116 and the outer end
114 along the entire outer end 114, there may be less
contact area.
[0040] A chamber 122 is shown schematically, and
may connect to a source of cooling air. An outlet chamber
124 receives the cooling air from the cooling air from
chamber 402 after it is passed outwardly of the outer
surface of the spar 112. Now, as shown by the arrows,
cooling air enters a chamber 402 between an outer sur-
face 124 of the spar 112 and the inner surface 113 of the
component 102. That air passes outwardly of the spar
112 to the chamber 402, and provides cooling air for the
CMC component 102.
[0041] Notably, in some embodiment, the air may enter
at the radially inner chamber 124 and pass radially out-
wardly to the chamber 122.
[0042] Flow guides 126 are placed along the outer sur-
face 124 of the spar to discourage airflow to certain sec-
tions of the inner surface 113. In particular, the flow
guides 126 may discourage airflow to portions between
the leading edge 108 and trailing edge 110, and encour-
age the airflow to flow to the leading edge 108 and/or the
trailing edge 110. As shown, the cooling guides 126 ex-
tend along a direction having a radially inward compo-
nent, and an axial component defined between the lead-
ing edge 108 and trailing edge 110. Radial and axial are
defined by a rotational axis of an associated engine. The
guides 126 in Figure 2A result in reduced radial flow at
the leading edge 108 and increased flow at the trailing
edge 110. This is due to the angle of the guides causing
a buildup of pressure towards the leading edge and re-
sults in less radial flow migration in that direction. Low
pressure at the trailing edge encourages flow from the
outer diameter trailing edge to the inner diameter trailing
edge.
[0043] As shown, flow guides 126 extend between
ends 128 and 130. The ends 128 and 130 can be seen
to be axially inward of a leading edge 132 of the spar 112
and a trailing edge 134. If a distance is defined between
leading edge 132 and trailing edge 134 of the spar at its
thinnest portion along the radial length of the spar, a ratio
of the distance to an axial component of a distance be-
tween the ends 128 and 130 is between 0.20 and 0.90.
[0044] Figure 2B is a cross-section along line B-B, and
shows one portion of the outer surface 113 of the spar
112 having flow guides 126. As also shown in Figure 2B,
the guides 126 can serve to space the spar 112 relative

to the inner surface 113 of the CMC component 102.
[0045] Figure 2C schematically shows the component
102 having outer platform 104, and the airfoil 103 be-
tween the leading edge 108 and trailing edge 110, and
pressure 401 and suction sides 400.
[0046] While the CMC component 102 is shown to be
a static vane, other components may benefit from this
disclosure. As an example, blade outer air seals, com-
bustor components such as combustor panels and tur-
bine blades may benefit from this disclosure.
[0047] Figure 3A shows an embodiment 212 wherein
the guides 214 extend between ends 216 and 218 which
are relatively close compared to the embodiment of Fig-
ure 2A. In this embodiment, the guides 214 will still direct
airflow more toward the leading edge 132, and away from
axially central portions 410 of the spar 212. Figure 3A
tends to direct more air toward the trailing edge 110 than
the leading edge 108. The use of the smaller segments
for the guides 214 prevents complete radial flow disrup-
tion should there be contact between the guides and the
inner wall of the airfoil.
[0048] Figure 3B shows an embodiment 220 wherein
the guides 222, 224 and 226 extend along distinct dis-
tances. Here the guides extend along non-parallel direc-
tions. This embodiment still encourages airflow towards
leading edge 108. The Figure 3B embodiment illustrates
that the guides do not need to be linear and can have
complex contouring to tailor and achieve a desired flow
control.
[0049] Embodiment 230 as shown in Figure 3C has
guides 230 which extend between ends 232 and 234. In
this embodiment, the guides 230 would tend to direct air
more toward the trailing edge 110 than the leading edge
108. The distance ratio range disclosed above also ap-
plies to this embodiment.
[0050] As with the embodiment of Figure 2A, the em-
bodiments of Figures 3A-3C all extend along directions
having at least a portion with a component in a radial
direction and an axial direction.
[0051] Figure 4 shows an alternative embodiment 300
wherein the CMC airfoil 302 receives the spar 304. The
guides 306 are formed on the inner surface of the CMC
component 302 rather than on the outer surface of the
spar.
[0052] A component for a gas turbine engine under this
disclosure could be said to include a matrix composite
component having a radially outer end and a radially inner
end. The matrix component has an internal chamber de-
fined by an inner surface. A spar is received within the
internal cavity, and spaced from an inner surface of the
matrix component defining a chamber with the inner sur-
face. Flow guides are formed on one of an outer surface
of the spar and the inner surface of the matrix component.
The flow guides direct airflow towards a portion of the
inner surface. An air inlet chamber is formed at one radial
end of the spar and an air outlet chamber is formed at
an opposed radial end of the spar. The air inlet chamber
is defined such that air will flow into the internal chamber,
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outwardly of the spar, and inwardly of the inner surface
of the matrix component.
[0053] While embodiments have been disclosed, a
worker of skill in this art would recognize that modifica-
tions would come within the scope of this disclosure. For
that reason, the following claims should be studied to
determine the true scope and content of this disclosure.

Claims

1. A component for a gas turbine engine (20) compris-
ing:

a matrix composite component (102) having a
radially outer end and a radially inner end, said
ceramic matrix component (102) having an in-
ternal chamber defined by an inner surface
(113);
a spar (112) received within the internal cavity,
and spaced from an inner surface (113) of the
matrix component (102) defining a chamber
(402) with the inner surface (113);
flow guides (126) formed on one of an outer sur-
face (124) of said spar (112) and said inner sur-
face (113) of said matrix component (102), said
flow guides (126) directing airflow towards a por-
tion of the inner surface (113); and
an air inlet chamber (122) being formed at one
radial end of said spar (112) and an air outlet
chamber (124) formed at an opposed radial end
of said spar (112), and said air inlet chamber
(122) being defined such that air will flow into
the internal chamber, outwardly of the spar
(112), and inwardly of the inner surface (113) of
the matrix component (102).

2. The component as set forth in claim 1, wherein said
matrix component (102) is a ceramic matrix compo-
nent ("CMC").

3. The component as set forth in claim 2, wherein said
CMC component (102) defining an airfoil (103) hav-
ing a leading edge (108) and trailing edge (110), and
the flow guides (126) encouraging airflow toward at
least one of the leading edge (108) and trailing edge
(110).

4. The component as set forth in claim 3, wherein said
CMC component (102) is a fixed vane.

5. The component as set forth in claim 4, wherein said
fixed vane having an outer platform (104) radially
outward of said airflow and an inner platform (106)
radially inward of said airfoil (103).

6. The component as set forth in claim 5, wherein said
spar (112) having a radially outer end (114) radially

outward of said outer platform (104) and having a
radially inner end (118) radially inward of said inner
platform (106).

7. The component as set forth in any of claim 3 to 6,
wherein said flow guides (126) encouraging airflow
toward said leading edge (108).

8. The component as set forth in any of claims 3 to 6,
wherein said flow guides (126) encouraging airflow
towards said trailing edge (110).

9. The component as set forth in any preceding claim,
wherein said spar (112) has a leading edge (132)
and a trailing edge (134) separated by a first dis-
tance, and said flow guides (126) extending along a
direction having a component in a radial direction
and a component in an axial direction, and a ratio of
said first distance to said axial component being be-
tween 0.20 and 0.90.

10. The component as set forth in any preceding claim,
wherein there being a plurality of said flow guides
(126) extending along non-parallel direction.

11. A gas turbine engine (20) including:

a fan (42), a compressor section (24), a com-
bustor and a turbine section (28);
the component of any preceding claim received
within one of said combustor section and said
turbine section (28).
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